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Purpose: Thromboembolic complications after carotid endarterectomy are frequently associated with technical defects. We
analyzed the effect of intraoperative duplex scanning in detection of significant but clinically unsuspected technical defects
and residual common carotid artery (CCA) disease as a potential source of postoperative transitory ischemic attack (TIA)
and stroke.
Methods: From April 2000 to April 2003, 650 consecutive primary carotid endarterectomy procedures were performed in
590 patients at a single institution by two vascular surgeons. Patients included 335 men (57%) and 255 women (43%).
Indications for surgery were asymptomatic internal carotid artery (ICA) stenosis (>70%) in 464 patients (71%). All
procedures were performed with the patient under general anesthesia, with synthetic patch angioplasty in 644 (99.1%).
Major technical defects at intraoperative duplex scanning (>30% luminal internal carotid artery stenosis, free-floating
clot, dissection, arterial disruption with pseudoaneurysm) were repaired. CCA residual disease was reported as wall
thickness (0.7-4.8 mm; mean, 1.7  0.7) and percent stenosis (16%-67%; mean, 32%  8%) in all cases. Postoperative
30-day TIA, stroke, and death rates were analyzed.
Results: There were no clinically detectable postoperative thromboembolic events in this series. All 15 major defects
(2.3%) identified with duplex scanning were successfully revised. These included 7 intimal flaps, 4 free-floating clots, 2
ICA stenoses, 1 ICA pseudoaneurysm, and 1 retrograde CCA dissection. Diameter reduction ranged from 40% to 90%
(mean, 67 16%), and peak systolic velocity ranged from 69 to 497 cm/s (mean, 250 121 cm/s). Thirty-one patients
(5%) with the highest residual wall thickness (>3mm) in the CCA and 19 (3%) with the highest CCA residual diameter
reduction (>50%) did not have postoperative stroke or TIA. Overall postoperative stroke and mortality rates were 0.3%
and 0.5%, respectively; combined stroke and mortality rate was 0.8%. One stroke was caused by hyperperfusion, and the
other occurred as an extension of a previous cerebral infarct. No patients had TIAs. Two deaths were caused by myocardial
infarction, and one death by respiratory insufficiency.
Conclusion: We believe intraoperative duplex scanning had a major role in these improved results, because it enabled
detection of clinically unsuspected significant lesions. Residual disease in the CCA does not seem to be a harbinger of
stroke or TIA. (J Vasc Surg 2004;39:416-20.)
More than five decades have passed since introduction
of carotid endarterectomy (CEA) for prevention of major
neurologic events, yet there is no consensus on whether a
completion study should be undertaken to confirm the
adequacy of the surgical technique.1 The outcome of these
operations has steadily improved over the years, with
stroke-free and survival rates of 95% or better in patients
with neurologically asymptomatic and symptomatic dis-
ease, even without routine use of completion imaging
studies.2-4 In addition, some potential causes of postoper-
ative stroke are unrelated to technical skill or judgment.
These include postoperative intracerebral bleed, hyperper-
fusion syndrome, hypotension, hypercoagulability, and
other less common causes. Nevertheless, in some circum-
stances clinically unrecognized significant technical defects
can be identified on an intraoperative completion study,
and correction of such lesions may avert postoperative
stroke.5-14 Consequently, if the results of CEA are to be
improved to a near zero postoperative stroke rate, any
possible method that ensures adequate visualization, not
only of the repaired internal carotid artery (ICA) but also of
the common carotid artery (CCA), should be pursued.
In an attempt to identify these defects we have rou-
tinely used intraoperative duplex scanning. We report our
recent experience with intraoperative duplex scanning in
650 consecutive primary CEA procedures performed at our
institution over 36 months. We have also analyzed the
effect of residual disease in the CCA as a potential source of
postoperative neurologic deficit.
MATERIAL AND METHODS
Patient population. From April 2000 to April 2003,
650 primary and consecutive CEA procedures were per-
formed in 590 patients. Repeat CEA (n  7) and repair of
carotid aneurysms (n  2) were not included in this study.
Patients included 335 men (57%) and 255 women (43%),
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ages 39 years to 93 years (mean, 73  9 years). Associated
risk factors included hypertension in 401 (68%) patients,
smoking in 212 (36%), coronary artery disease in 189
(32%), diabetes in 177 (30%), and chronic renal insuffi-
ciency in 159 patients (27%). One hundred eighty-six pri-
mary CEA procedures (29%) were performed in patients
with symptomatic disease (stroke, n  94; TIA, n  73;
amaurosis fugax, n  19). All patients with symptomatic
disease had ipsilateral ICA stenosis 60% or greater at duplex
ultrasound scanning.15 The remaining 464 primary CEA
procedures (71%) were performed for stroke prevention in
male patients with at least 60% ipsilateral ICA stenosis and
in female patients with at least 70% ipsilateral ICA stenosis,
as demonstrated on duplex scans. Sixty patients (10%)
underwent staged bilateral CEA.
Surgical technique. All patients were given general
anesthesia. Attempts were made to maintain systolic blood
pressure around 140 mm Hg during carotid artery cross-
clamping. Heparin was administered intravenously before
carotid artery clamping in all patients, and activated clot-
ting time was kept at more than 300 seconds throughout
the procedure. Intraluminal shunts were placed when sys-
tolic ICA backpressure was less than 50 mm Hg, in 198
patients (30%). We averted any attempt at external CEA.
The plaque and its adjacent media were routinely
transected at the origin of the external carotid artery.16
Tacking sutures were required to prevent flap formation in
the ICA in 84 patients (13%), and in the CCA in 54 patients
(8%). Posterior transverse plication for correction of a re-
dundant or kinked carotid artery was required in 121
patients (19%), and was performed in the middle segment
of the ICA and at least 5 mm proximal to the distal end of
the arteriotomy.17 All carotid arteriotomies were closed
with patches, of which 99.1% were made of gelatin-impreg-
nated polyester material (Gelsoft; Vascutek, Austin, Tex),
and the remaining 0.9% of patches were fashioned from a
neck vein (facial vein, n  1; external jugular vein, n  5).
In 552 patients (85%) protamine sulfate was given at the
end of the procedure, to minimize postoperative hema-
toma formation. Protamine was not administered in pa-
tients with diabetes who were receiving insulin.
Intraoperative duplex scanning. An HDI 5000
scanner (Advanced Technology Laboratories, Bothell,
Wash), operated by a single registered vascular technolo-
gist, was used in all procedures. An intraoperative CL10-5
MHz or CL 15-7 MHz “hockey stick” transducer inserted
in a sterile latex cover filled with acoustic gel was used by
the vascular surgeon to insonate the CCA and its branches
immediately after cross-clamp release. Our protocol in-
cluded acquisition of real-time B-mode images in sagittal
and transverse planes. In addition, all three arterial seg-
ments underwent color flow imaging, power Doppler scan-
ning, and spectral waveform analysis. Percent stenosis was
calculated on the basis of average diameter reduction mea-
surement in both sagittal and transverse planes. Indications
for repeat intervention based on B-mode imaging abnor-
malities were mobile flap 2 mm or greater in length in the
ICA, flap 3 mm or greater in the CCA, and technical defects
causing greater than 30% luminal diameter reduction. Flaps
and residual disease were left undisturbed in the external
carotid artery. Color flow disturbances were used to assess
the hemodynamic significance of technical defects. Thick-
ness of the CCA residual disease and percent diameter
reduction were measured and recorded in all cases.
In patients with elevated peak systolic velocity (PSV;
150 cm/s) and normal B-mode images, these measure-
ments were repeated after approximately 15 to 20 minutes.
If persistently abnormal values were obtained, an intraop-
erative arteriogram was obtained to identify potential tech-
nical defects or occlusive disease away from the carotid
segment visualized on intraoperative duplex scans.18
Duration of intraoperative duplex scanning ranged
from 6 to 15 minutes (mean, 10  3 minutes) for the first
complete set of measurements.
RESULTS
Technical defects. Overall, in 15 procedures (2.3%)
technical defects required surgical revision. Seven defects
were observed in the ICA segment just distal to the patched
area; 4 were in the patched area; and the remaining 4 were
in the CCA. Two ICA defects were stenoses of 40% (PSV,
178 cm/s) and 48% (PSV, 211 cm/s), and were success-
fully repaired with a larger patch. One of these occurred as
a result of three tacking sutures used to repair an intimal
flap; the other was caused by a posterior transverse plication
created to treat a redundant ICA. Four intimal flaps in the
distal ICA were creating stenoses of 45%, 73%, 85%, and
85%, respectively, with abnormally elevated PSV of 124
cm/s, 497 cm/s, 246 cm/s, and 350 cm/s, respectively.
All of these flaps were repaired with tacking sutures. The
remaining ICA defect was a pseudoaneurysm, which caused
significant extrinsic compression of the distal ICA (90%
luminal stenosis with PSV 374 cm/s). This pseudoaneu-
rysm was repaired with three interrupted sutures, with
complete resolution of the extrinsic compression effect. In
4 additional procedures clots were noted attached to the
inner surface of the patch, and were removed. These clots
were not causing stenosis of the arterial lumen, but were
free-floating. There were three mobile flaps in the CCA that
were longer than 5 mm, causing 60%, 68%, and 77%
diameter reduction, respectively, with PSV 177 cm/s, 69
cm/s, and 342 cm/s, respectively. All were successfully
repaired. The remaining CCA defect was a retrograde
dissection created by an indwelling shunt (Fig). True CCA
lumen diameter was reduced by 64%, with PSV 184 cm/s.
Four interrupted sutures were used to tack the dissection
and to exclude the false lumen. Repeat intraoperative du-
plex scans of all 15 technical defects were normal. None of
these patients had postoperative stroke.
Increased ICA PSV without technical defects. In
27 patients (4%) elevated intraoperative ICA PSV varied
from 151 to 421 cm/s (mean, 210  58 cm/s), with no
technical defects or residual disease demonstrated on B-
mode images. All 27 patients were observed for 15 to 20
minutes, and repeat ICA PSV measurements ranged from
62 to 199 cm/s (mean, 114  38 cm/sec).
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Postoperative follow-up. Two-week and 3-month
follow-up carotid duplex scans for all 15 patients with
repaired technical defects showed no significant changes
from scans obtained immediately after the repair. Two-
week carotid duplex scans were available for 625 patients
(96%) who did not require surgical revision, and demon-
strated two ICA occlusions and no recurrent stenosis.
Residual CCA disease. Residual wall thickness (step)
in the CCA, as measured in both sagittal and transverse
planes with duplex scanning, was less than 2 mm in 502
patients (77%), 2 to 3 mm in 117 patients (18%), and
greater than 3 mm in the remaining 31 patients (5%). None
of the latter patients, with greatest residual wall thickness,
had a postoperative stroke or TIA.
Residual CCA percent diameter stenosis was measured
at less than 30% in 330 patients (51%), 30% to 50% in 301
patients (46%), and greater than 50% in 19 patients (3%).
None of the latter patients, with greatest diameter reduc-
tion, had thromboembolic events. Early postoperative du-
plex scans in all 31 patients with residual CCA wall thick-
ness greater than 3 mm showed no significant changes from
intraoperative findings (3.4 mm  0.7 and 3.7 mm  0.5,
respectively; P  .06). A significant decrease in percent
diameter reduction was noted on early postoperative scans
in the 19 patients with the greatest intraoperative CCA
residual disease (56.9%  4.7 and 48.3%  5.5, respec-
tively; P .0001). Both patients with early postoperative
ICA occlusions detected at duplex scanning had less than 2
mm residual wall thickness in the CCA, which caused less
than 30% stenosis. One of these patients had a significant
tandem lesion in the distal ICA, and the other patient had a
string sign in the ICA.
Postoperative TIA, stroke, and death. No episodes
of TIA were observed in this series. Overall, there were two
early postoperative strokes (30 days) in 590 patients
(0.3%). The first stroke occurred 2 weeks postoperatively,
and was associated with cerebral hyperperfusion. In this
patient, intraoperative duplex scans were normal in terms of
B-mode imaging. The second stroke was due to enlarge-
ment of a preoperative cerebral infarct. Stroke rate in
asymptomatic disease was 0.2%, and in symptomatic disease
was 0.5%. Two deaths were caused by myocardial infarc-
tion, and another death was due to respiratory insufficiency.
Overall 30-day mortality rate was 0.5%; combined stroke
and mortality rate was 0.8%.
DISCUSSION
The present experience with intraoperative duplex
scanning suggests that B-mode imaging and hemodynamic
assessment of the CEA may be used to alter the course of
treatment in a small but significant group of patients.
Intraoperative duplex scanning offers several advantages
over completion arteriography, because it provides not only
a clearly defined and magnified picture of the arterial lumen
and wall characteristics, but also enables measurement of a
variety of hemodynamic parameters. In addition, intraop-
erative duplex scanning can correctly visualize a significant
flap at the clamp site in the CCA that potentially could be
missed at intraoperative arteriography, because the needle
is usually placed in the patched area. Moreover, intraoper-
Retrograde dissection of common carotid artery with indwelling shunt. Note opposite direction of flow in true and false common carotid
artery lumina.
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ative duplex scanning averts the need for injection of con-
trast material and the possibility of air embolism. Con-
versely, invasive arteriography can visualize the distal ICA
beyond the reach of the duplex scanning probe. Inasmuch
as defects beyond the operative site are rare, it is possible
that intraoperative duplex scanning may be a more suitable
initial examination in most patients.
To achieve better results with CEA than currently
reported in the literature, the surgeon must identify and
correct the possible causes of perioperative stroke and
eliminate them before this often catastrophic event. De-
spite optimal surgical technique, clinically unsuspected in-
traluminal defects may occur, which if left undisturbed may
cause major neurologic deficits. Such defects (flap, residual
plaque, thrombus, dissection, stenosis) occur in 6% to 30%
of patients undergoing CEA, and the repeat intervention
rate to correct them varies from 3.5% to 10%.5-14 Our data
show that in a modern series of 650 consecutive cases only
2.3% of procedures (15 patients) required surgical revision.
These discrepant results may be explained in part by vari-
able hemodynamic criteria to indicate repeat exploration.
PSV values used as a criterion to define significant defects
ranged from 125 to 230 cm/s.5-14 Bandyk et al11 suggest
performing intraoperative arteriography if PSV is 150 cm/s
or greater, even without B-mode imaging abnormalities.
We observed that arterial spasm immediately distal to the
ICA clamp site is the cause for elevated PSV in the absence
of B-mode abnormalities. Local application of vasodilators
and repeat measurement in 15 to 20 minutes may obviate
the need for angiography or surgical exploration, because
many of these patients will respond favorably and ICA PSV
will decrease. We believe that further investigation should
be limited to cases in which PSV 150 cm/s or greater is
associated with a significant B-mode imaging abnormality.
Elevated PSV alone failed to predict anatomic defects in
three patients subjected to surgical exploration, as de-
scribed by Seelig et al.7 We elected not to rely on PSV
ratios, because of the size mismatch created by the patched
segment and the distal ICA.
The definition of significant defect at B-mode imaging
is controversial, and the reported percentage of luminal
diameter reduction that may potentially cause stroke, ICA
occlusion, or recurrent stenosis has varied from 30% to
70%.7,11,12 Although we opted to use the lowest threshold
for B-mode imaging (30%-35%), our repeat exploration
rate was low (2.3%). Although Zannetti et al19 suggest that
repair of intraoperative major defects is associated with
increased postoperative neurologic sequelae, none of our
patients who underwent revision of the procedure had a
postoperative stroke. In addition, others have reported the
safety of correcting these intraluminal defects.5-12,14 It is
important to highlight that, contrary to other published
articles on intraoperative duplex scanning, all of our 650
procedures were performed with the newest and smallest
(10 or 15 MHz) hockey stick probes, which enable im-
proved tissue resolution and easier manipulation inside the
neck wound. These features are particularly useful in high
carotid bifurcation, short neck, or long endarterectomy of
the ICA, where insonation of the distal ICA is difficult or
impossible with the older, larger transducers.
Residual CCA disease was not associated with early post-
operative stroke or TIA. Five percent of our patients had
residual plaques that were thicker than 3 mm in diameter, and
none of these patients had a major neurologic event. It is
possible that longer follow-up will identify this factor as an
important predictor of carotid artery recurrent stenosis.20,21
A few years ago we adopted a policy of leaving the
external carotid artery undisturbed during CEA. We have
previously shown that the natural history of the external
carotid artery is benign in terms of neurologic deficits and
rate of occlusion.16 That earlier experience compared fa-
vorably with the experience of Archie,22 who demonstrated
a higher rate of thrombosis of the external carotid artery
when attempts at proximal eversion and blind distal endar-
terectomy were performed in his series of more than 1000
patients. In the present series, we did not perform external
carotid artery endarterectomy in any of the 650 patients,
and in only 3 patients (0.5%) was ECA occlusion docu-
mented on duplex scans.
In summary, routine use of intraoperative duplex scan-
ning may not only identify clinically unsuspected major
defects, but also can contribute to the surgeon’s overall
technical expertise, as it did in our experience. Near zero
postoperative stroke rate can be achieved with CEA.
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